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fttnoe  the  eharaoter  of  akin  response  in  retacoSnfctisi'n 
against  wtallpox  has  proven  on  unre liable  criterion  in 
insusceptibility  (SSwiyukovs  et  al,  Cssl9  Tisknaava,  5fcav«©aa®)# 
in  reoent  yeare  tho  need*  of  using  daberainfttieii  of  antics?  levels 
for  this  purpose  (Khkauskst,  leeaegraaeva)  has  been  isd^oat^d*  Koat 
specialists  (Dot ate*  ItoCarthy,  and  Xtown&$  hold  that  a&tiianallpos  i»» 
amity  is  related  to  neutralisation  ty  ahila  other* 

(Kastyukova,  Seweyanova)  be  litre  that  an  important  index  of  i5rjua.it> 
against  gaailpox  it  the  level  of  antlheae^^utiniaSc  A  grade* 1  de¬ 
crease  in  the  antibody  level  takes  place  following  tewrol&Um  (Collier 
and  Scfconfeld)*  vaooinal  iaeuaity  is  lost  and  the  index  of  inoonlability 
rises  (Cross). 

•  Oats -on  the  ratio  and  duration  of  das  presieee  of  vw?iouo  anti® 
bodies  following  inoculation  is  highly  oosMk&etory .  is cording  to 
the  data  of  nost  investigators  (Miaeytv*,  Bowel*  and  Hob4*y)  neutralizing 
antibcdieo  are  found  in  sera  considerably  leaver  then  are  aatihse»gglu- 
tinina.  Coapleaent- fixing  antibodies  do  not  aggpecr  ia  all  oasas  and 
quickly  disappear  (McCarthy  and  Sownie).  the  kind  of  skin  reaction 
apse  inoculation  as  a  function  of  the o«igine7i antibody  level  has 
bean  little  studied.  Soae  authors  (SefRa^Neovs,  fflerotekiy  at  al) 
assert  that  the  quantity  of  antibodies  deterslaee  the  clinical  course 
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oi'  the  Inoculation,  while  others  (Mineyeva)  deny  this  dependence. 

Presented  in  this  report  are  results  of  the  study  of  certain 
debatable  and  little  '.tudied  problems  of  humoral  anti-smallpox  inmu- 
nit y.  The  recording  of  results  of  revaccination  of  persons  with 
dermovaccine  prepared  at  the  Institute  of  Epidemiology  and  Micro¬ 
biology  imeni  Gamaleya  was  carried  out  on  the  third,  fifth,  and  seventh 
day  and  these  results  were  found  to  be  positive  if  the  skin  reaction 
followed  the  primary  type,  and  negative,  if  it  was  absent  or  followed 
the  rapid  type.  Sera  from  inoculated  patients  was  obtained  by  vena- 
puncture.  The  hemagglutination-inhibition  reaction  followed  the  ac¬ 
cepted  method  at  zoom  temperature,  and  contact  of  the  serum  containing 
two  hmagglutinating  antigen  units  continued  for  45-60  minutes.  The 
component-fixation  reaction  was  performed  according  to  the  usual  method, 
and  complement  fixation  was  carried  out  at  4°  for  18  hours.  The  neu¬ 
tralization  reaction  followed  the  method  of  MoCarthy  and  Dovnie.  Con¬ 
tact  of  equal,  volumes  of  a  mixture  of  various  five-fold  dilutions  (up  to 
1:127)  of  sera  studied  with  a  constant  dose  of  smallpox  virus  (small¬ 
pox-forming  unit  per  ml)  was  carried  out  at  35®  for  2-2^  hours. 

During  the  first  aeries  of  experiments,  we  compared  the  ratio 
between  the  antihemagglutinins  and  neutralizing  antibodies  in  the  sera 
of  233  revaccinated  persons  (Table  1 ) .  The  interval  of  time  between 
the  last  inoculation  and  blood  sampling  ranged  from  15-20  days  to  12 
months. 

TABLE  1 

Ratio  Between  Antiheaagglutinlns  and  neutralizing  Antibodies 
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‘  -  0  «  undiluted  serum  xatinoed  the  number  of  "potmarks"  compared  to 
the  control  down  to  lees  than  50  2  U  -  undiluted  serum. 

LEGEND:  a)  titer  of  antihemagglutinin}  b)  number  of  serai  c)  absolute} 
d)  number  of  sera  with  titers  of  neutralizing  antibodies  (in  percentage) 
is  listed}  e)  01}  f)  t(2}  g)  total. 

The  results  of  the  experiments  showed  that  among  titers  of  the 
reactions  studied  there  was  usually  a  direct  dependence  observed.  For 
example,  the  number  of  sera  neutralizing  the  virus  at  the  dilution 
1:5  87.1,  91»3,  «nd  100  &  respectively,  for  sera  with  the  following 
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antiheaagglutinin  titers  —  1 *10*  1*20-1*40,  and  1*80-1*160.  However, 
the  absence  of  emtihooegglutiniria  in  the  1  tIO  titer  still  did  not  si¬ 
gnify  that  neutralising  eatibodire  was  totally  lasting  in  these  titers* 
these  entitle*  were  contained  *t  a  1  *5  titer  in  67*0  J»  of  such  sera  and 
were  totally  lacking  only  in  6,4  £  of  seta  studied, 

The  presence  and  level  of  cntiheaagglutinine t  neutralising  and 
ooapleaent-fixating  antibodies  senplad  at  the  eeao  period*  of  tine 
following  rsvacoiaation.  It  mi  erUbliabed  that  if  the  antifcma- 
gglutinia  titer  we*  lose  then  1*10,  eoepSeaM»t-fia»iing  antibodies  in 
the  1>1G  titer  were  aleo  absent,  while  at  the  1*10-1*40  titers,  they 
were  detemined  In  J5»4  $  of  sera  studied,  and  were  present  at  titers 
of  t  *10-1  *40  in  100  fa  in  sera  having  hi#  eatiheeaggltttinin  levels 
(1*00-1*160), 

In  a  cooperative  study  of  the  level  of  ratihmsgglatialns  and 
neutralising  antibodies  in  eeza  easpled  at  different  tises  following 
inoculation  (Table  2),  it  ms  established  that  la  15-20  daps  after 
rewaoclssatlon,  92*5  %  of  the  sera  oontalned  aatlh  — jgl utjnina  in 
titers  >  1*10;  in  1-5  maths  the  amber  of  negatively  reacting  sera 
increased  to  30/5  fa  in  following  periods  (as  such  as  up  to  12  aoathe)  ... 
the  masher  of  positive  sera  remised  approximately  at  the  sane  level 
(87,0*86*2  jQ,  hut  markedly  decreased  in  1 ,5-2,5  years  (74»35  39*  ^ 

11  thou#  the  assn  antiheaagglutinin  titer  daring  the  course  of  tits 
year  rtMsined  at  the  me  level  (1*20),  a  distinct  tread  to  decreased 
antibody  ooetent  was  observed.  In  1. 5-2,5  years  following  revaociaatioB 
60.25  jf  of  thd  sera  did  not  ooataln  these  antibodies  or  oostain  the* 
at  a  low  titer  (l*10).  A  slsilar  regularity  was  obsessed  with  respect 
to  neutralising  antibodies,  2h  addition,  it  was  established  beth 
upon  a  positive  as  well  as  a  negative  skin  reaction  the  extent  of  anti¬ 
body  level  decrease  was  entirely  the  sane. 

In  other  investigations,  we  detealasd  the  effect  of  the  interval 
between  inoculation*  end  their  frequency  on  tilt  level  of  femoral  imusity 
(fable  3),  It  was  established  that  the  asm  level  of  neutralising 
antibodies  is  a  direct  function  of  the  frequency  of  rmedaetion  && 
the  total  nuxber  of.  inoculations.  Shis  levhl  resahsd  hi#  values 
(l  *25)  even  after  the  first  inoculation  in  a  group  of  parsons  rwrscoinated 
•vary  six  seethe.  After  the  last  two  revaodnstiona,  the  level  of 
neutralising  antibodies  inoreased  aerkedly  and  averaged  after  four 
inoculations  >1  *125.  It  aust  be  noted  that  not  one  of  the  54  sera 
investigated  within  thie  group  of  individuals  contained  neutralising 
antibodies  at  a  titer  less  than  1*5*  A  gliding  irregularity  wo*  also 
noted  after  a  once  repeated  revaooiaatlon  at  as  interval  of  a  year, 

Tor  the  ease  of  a  single  revaooisation,  in  two  years  32  jt  of  the  sera 
ooatained  neutralising  antibodies  only  is  the  naked  mos  and  their 
overage  titer  was  lower  than  other  groups  of  inoculated  person*  (l<5)» 

A  dearly  pronounced  dependence  of  the  aatlbeaaigtatlnia  level 
on  the  frequency  of  revaodnatleas  and  the  total  amber  of  inoculations 
woe  looking,  This  was  dae  to  the  foot  that  in  noet  cases  perms*  with 
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TABLE  2 

Antibody  Level  at  Different  Times  Following  Last  Revaocination 
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The  numerator  Stands  for  the  number  of  sera  investigated  in  the 
hemagglut inin-inhibition  reaction,  the  denominator  stands  for  the 
number  of  sera  investigated  bp  the  neutralization  reaction. 

LEGBSDt  a)  time  following  last  revaccination)  b)  number  of  sera  in¬ 
vestigated)  o)> number  pf  aera  with  different  titers  (in  per  oent)i 
d)  antihejaagglutinioa)  e)  averaged)  f)  neutralizing  antibodies) 
g)  undiluted)  h)  averaged;  i)  15-20  days;  j)  1-5  months;  k)  4-6  months; 
1)  7-12  months;  m)  1. 5-2.5  year*. 


high  content  of  neutralizing  antibodies  following  revaocination  at 
short  intervals  were  not  found  to  evidence  subsequent  increase  in 
antiheoag^Lutinin  titer. 

The  &&£adter  of.  akin,  reactions  was  found  to  be  a  function 
of  the  period  following  the  last  revaocination.  For  revaooinations 
after  six  months,'  positive  skin  reaction  was  noted  in  23  of  103  (22.3  $)» 
in  a  year  —  in  51  of  132  (38*6  5),  and  in  two  years  —  in  37 1  of  862 
(43  >£)  of  persons  examined. 

Comparison  of  the  skin  reaction  at  the  original  antibody  level 
revealed  that  in*a  group  of  persons  with  ne^tive  skin  reaction,  the 
mean  level  of  WitihemagglutLnin*  was  twice  as  high*  and  the  level  of 
neutralizing  antibodies  even  five  times  as  high  as  in  persons  with 
positive  skin  reaction.  However,  significant  individual  variations 
were  observed*  in  5  of  23  persona  with  the  inooulatoiy  reaction  a 
high  antiheaagglutinia  level  (1*40)  and  a  high  neutralizing  antibody 
level  (1*25)  Vere  recorded, while  in  9  of  80  persons  with  negative  skin 
reaction  antihamagglutinins  were  not  found  even  at  a  titer  of  1 *10. 

It  oust  be  noted  that  at  -a  sufficiently  high  antibody  level  and  posi¬ 
tive  skin  reaction,  further  increase  in  antibody  numbers  usually  was 
not  observed.  These  facts  evidenced  that  in  some  cases  the  character 
of  ekin  reaction-up  on  inoculation  depended  not  only  on  the  original 
antibody  level,-  but  also  oh  local  tissue  immunity,  which  was  supported 
by  the  relieving  observations. .  Wien  rovaccinations  were  carried  out, 
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LSGSSBj  a)  interval  between  inoculation*;  b)  number  of  inoculations) 
o;  number  of  seem  investigated)  d)  number  of  sera  with  titters  as 
listed? ^ 0)  aatlimts*glutinins )  f)  average}  g)  neutralism^  antibodies? 
h;  undiluted)  i)  average)  j)  six  months)  k)  one  year)  1)  two  years. 

* !5irtiirt  °*la  Tf^0%i0n  «»  observed  la  1421  inoouUesta.  la  fire  days, 

Wi/5  ™5\n*  °*  th*  *•**  o»  the  other 

hand,  and  in  895  person.  (62.9  *)  a  positive  akin  reaction  developed, 

*  252?°*  *how*?  that  1x1  aw*  «a^iaiag  eatihewagglutvnins 
^1?c4i#*  ***  »3**3rs  present.  Sis  number  of  sera  oon- 

S™  a2*!^?Jae  *n^b?5i’*  in  the  “•«*»  *tate  was  slight. 
Sewever,  we  should  recall  that  the  absence  of  antihsmagriLutinins  «vi~ 

t^-i^?b*eCC®  °f  h,aoz*1  since  in  these 

h i^°tit *atitodi9s  <san  *•  present  and  even  sometimes  at 

.  .  w  d0  no*  «*olude  the  possibility  that  the  estimate 

I  JST11*  ^*nsity  °niy  **oa  results-  of  the  heasgglutinin-iahibition 
reaction  can  be  somewhat  understated. 

When  revaooination  was  carried  out  at  an  interval  of  a  wear 
the  percentage  of  positive  skin  reactions  exoeeded  30  &  that  is  the 
value  at  which  mass  revaooination  of  the 

wo««ry,  £ere  it  was  established  throe*  spot  <l^of  ttHserall 

®f  serologioal  examinations  in  this  group  of 
iaoculante  pointed  to  an  adequately  hi*  level  of  bwosal  immunity, 
which  ocnflrmed  the  advisability  of  annual  revsodnatjnoo  of  specific 


-  5  . 


contingent?  of  persons  and  once  more  showed  that  judgment  of  the  lose 
of  immunity  Against  smallpox  from  am  estimate  of  the  character  of 
skin  reaction  is  not  reliable. 

Serological  indices  of  the  spot  check  of  immunity  intensity  in 
the  group  of  persona  revaccinated  at  an  interval  of  two  years  were 
satisfactory.  However,  it  must  be  noted  that  21.9  $  of  those  inocu¬ 
lated  did  not  have  sntiheoagglutinins,  and  the  number  of  sera  neutrali¬ 
sing  virus  only  in  the  native  state  amounted  to  J 2  $>.  Some  of  these 
persons  exhibited  a  low  level  of  smallpox  defense.  Increasing  the 
extent  of  immunity  in  these  persons  can  proceed  only  by  reducing  the 
ache doles  between  revacolnatlon  or  by  increasing  the  quality  of  the 
smallpox  vaccines.  Therefore  requirements  of  the  quality  of  smallpox 
vaccines  must  be  raised,  especially  for  revaooinations,  up  to  the  re¬ 
commendations  of  the  World  Health  Organization  and  control  instructions 
of  vaccine  use  oust  include  the  determination  of  preparation  activities 
by  titration  on  chick  embryos  or  equivalent  tests  using  the  sensitivity 
of  tissue  cultures. 


\  Conclusions 

.  4/ 

The  ratio  of  humoral  antismallpox  antibodies  has  been  studied, 
neutralising  antibodies  were  found  in  99*1  5*»  antiheaagglutinins  —  in 
86.?  cos^leaent-fixating  antibodies  —  in  50  f>  of  sera  examined.  A 
direct  relationship  was  found  between  the  level  of  sntihsmagglutinins 
and  neutralising  antibodies. 

>2.  Following  revaco  teat  Aon,  a  gradual  drop  in  antihemagglutinin 
level  was  observed  and  in  1 .5-2.5  years  antihemaggLutinina  were  contained 
in  60. 25  i»  of  the  inooulanta  at  a  low  titer  (l  *10)  or  were  absent 
entirely.  Neutralising  antibodies  disappeared  considerably  more  slowly 
and  by  the  same  period  of  time  had  been  determined  in  80  $  of  inoculants 
at  a  titer  not  leas  than  1*9. 

The  level  of  neutralising  antibodies  depended  on  the  total 
number  of  inoculations  and  intervals  between  such  treatments.  A  high 
level  of  these  antibodies  (aveeagfeig  £r  "'MC9)  was  observed  in 

revaooinations  performed  at  an  interval  of  6-12  months.  The  level  of 
neutralizing  antibodies  in  revaccinations  made  after  two  years  was 
considerably  lower  (averaging  1  »5)>^  The-ssrtiheaag^utinin  level  could 
not  be  established  as, a  clearkrTironouaeed  function  of  the  total  number 
of  ino cu laaW'andtee  intervals  between  such  treatments. 

— ^  persons  reacting  negatively  to  inoculation,  before  re- 

vaocinationa  the  mean  antibody  level  was  higher  than  in  persons 
reacting  positively.  However,  significant  individual  fluctuations 
in  the  character  of  skin  reaction  not  coinciding  with  the  antibody  level 
was  noted.  /  \ 


5.  The  estimate  of  the  collective  iaaunity  fro®  results 
of  inoculatory  reactions  was  not  reflected  in  the  original  state 
of  immunity;  therefore  an  appraisal  of  the  aati-saallpox  insanity 
is  best  sought  for  free  results  of  sampling  determination  of  anti- 
bo  dlos.  Revacciaation  of  the  population  aust  be  carried  out  In  the 
case  in  which  25  i»  and  more  of  sera  examined  do  not  contain  antl- 
hemagglutiain )  at  a  titer  of  1*10. 
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